Introduction
Fluticasone propionate (FP) is a recently developed topical glucocorticosteroid (GCS) intended for the treatment of asthma and rhinitis. It has been claimed that inhaled FP, in therapeutic doses, lacks significant systemic effects. This claim is based primarily on mean, single morning plasma cortisol concentrations [1, 2] . However, it has been shown [3] that cortisol concentrations measured in single morning samples can vary greatly, thus limiting their value as an indicator of a GCS effect on the hypothalamo-pituitaryadrenal (HPA) axis. In a placebo-controlled study in healthy subjects, in which the effect of different blood sampling regimens was examined, Jennings et al. [4] showed that multiple blood sampling at frequent intervals gave a more complete and reproducible measure of GCS systemic activity. There is no published data showing the effect of inhaled FP on the HPA-axis using the more sensitive multiple sampling method.
FP is a highly potent, topical GCS which is eliminated primarily via hepatic clearance [5] . Since inhaled FP is absorbed from the lung to the systemic ,irculation [6] , the suggested lack of systemic effect, even in doses as large as 2000 jg daily, is somewhat surprising. The 65-93 kg) . The subjects were fully informed about the purpose of the study and the investigational events and possible risks involved in the study. Each subject gave his written consent before inclusion into the study. The study was approved by the Medical Ethics Committee of Uppsala University and by the Swedish Medical Products Agency (Uppsala).
Study design
The study comprised two parts, with the same subjects participating in both parts:
Part Samples of the batches of each of the study drugs were analyzed for drug content. Of the nominal dose of FP 250 jg, the average blister content was 220 jig. Of the nominal dose of 400 jig budesonide, the average metered dose was 380 jig.
Investigational procedures
On the investigational days (Parts 1 and 2), a venous catheter was inserted into a forearm vein. Inhalation of each of the single doses and the 1st and 7th of the multiple doses was performed at the clinic under the supervision of a staff member. The subjects were instructed in, and used, the inhalation technique given in the package insert for each of the drugs/devices. After inhalation, the subjects rinsed their mouth and spat out the water. Mouth-rinsing was also performed after each of the multiple doses at home. Blood samples (5 ml) for cortisol analysis were taken at the following time points: 0, 2, 4, 6, 8, 10, 12, 14, 17 and 20 h after study drug administration at the clinic. The samples were taken in heparinized tubes and centrifuged at 3000 rev min-4 at +20°C for 10 min. The plasma was decanted and stored at -20°C until analysed. Urine (for analysis of cortisol) was collected in one 24 h fraction starting at 22.00 h on study days at the clinic. All subjects emptied their bladder immediately before administration of study drugs. The urine was collected in pre-weighed polyethelene bottles and, during the 24 h collection period, was stored in a refrigerator at +4°C. On completion of the urine sampling, the bottles were reweighed and the urine volume was calculated assuming a density of 1.02 g ml-'. For each subject, the urine was carefully mixed and, thereafter, two 10 ml samples were transferred to polystyrene test tubes and stored at -20°C until analysed.
Bioanalytical methods
The analysis of blood and urine samples for cortisol was performed blindly.
The analysis of plasma cortisol was performed at the Department of Clinical Chemistry, University Hospital, Uppsala. The plasma concentrations of cortisol were determined by radioimmunoassay (ORION DIAGNOSTICA Cortisol [1251] ). The assay had a minimum determinable concentration (MDC) of 3-6 nmol 1-l with an inter-and intra-assay coefficient of variation < 9%. All samples (including standard curves) for one subject were analyzed in one batch. This assay has been validated against GC-MS.
The analysis of urine cortisol was performed at Astra Draco AB, Lund, Department of Bioanalytical Chemistry. The cortisol concentrations were determined by an LC-thermospray-MS method [7, 8] . The assay had a minimum determinable concentration (MDC) of 6 nmol 1-l with a within-day coefficient of variation of 3-7%. All of the active study drugs resulted in a cortisol suppression as compared with placebo. The cortisol suppression was most marked for the multiple dose treatment with FP 1000 gg twice daily.
The mean AUC 0-20 value (LSmean) and 95% confidence intervals for each of the treatments is shown in Table 1 . The cortisol suppression AUC 0-20, expressed as a percent fall from placebo, is shown in Figure 2 .
For single doses of fluticasone propionate, there was a statistically significant dose-related suppression of cortisol, measured as AUC 0-20. The multiple dose treatment with 1000 ,ug twice daily, FP resulted in a marked suppression from placebo, which, at 65%, was more than double that seen with a single dose of 1000 jig (28%). The single dose of budesonide (800 jg) resulted in a 16% suppression of plasma cortisol and was also statistically significant as compared with placebo. The distribution of morning plasma cortisol (08.00 h) values with the five single dose treatments and the multiple dose FP treatment is shown in Figure 3 .
Urine cortisol analysis revealed the same pattern as for plasma cortisol i.e. single doses of fluticasone showed a dose-related suppression of cortisol and the multiple dose treatment resulted in a more marked cortisol suppression. The mean 24 h urine cortisol values (nmol) and the 95% confidence intervals are shown in Table 1 .
Discussion
Assessment of the effect on plasma cortisol is an accepted measure of the systemic activity of GCS. With low to medium doses of inhaled, topical steroids, such as budesonide and beclomethasone dipropionate, suppression of the HPA axis does not appear to present a problem of clinical relevance per se. With higher daily doses (> 1500 jg), the HPA axis does appear to be affected [9] . The safety of inhaled GCS has recently been reviewed [10] . At doses of < 1500 ,ug daily, most studies have not found any impairment of the short ACTH response in adults and no cases of clincial adrenal insufficiency have been reported in patients treated with inhaled steroids only. However, suppression of the HPA-axis indicates that the steroid being tested is systemically available and active. There is still some clinical concern [10] regarding the possible adverse effects of systemically active GCS during long-term treatment with inhaled GCS, but it should be noted that effects on the HPA-axis may not necessarily predict other systemic effects.
The results of the present study show that even after single administration, and with a dose as low as 250 gg, fluticasone propionate is present in the systemic circulation in sufficient amounts to affect the HPA axis. In the present study, mouth rinsing was employed to minimize the amount of orally deposited drug. However, since FP is claimed to have virtually zero bioavailability [5] , the contribution from any swallowed FP to the systemic effect would also be virtually zero. Thus, the systemic activity seen with FP in the present study must arise from substance which has been absorbed via the lung.
It is interesting to note that repeated dosing with high dose FP for only 3.5 days (7 doses) resulted in a more marked cortisol suppression as compared with a single dose. The explanation for the more marked cortisol suppression is unclear. It has recently been claimed [6] [12] respectively) and despite the fact that there is virtually no contribution to the systemic effect of orally deposited drug due to almost complete firstpass metabolism of FP [5] . However, FP does have a longer t,l2 (4 h [6] ) than budesonide (tl2 2.0 h [13] ).
These results in normal subjects show a degree of cortisol suppression which has not previously been 524 A. Grahnen et al. reported in asthmatic patients receiving FP. A difference in the proportion of central vs peripheral drug deposition in the lung between asthmatics and normals cannot be excluded. However, it is unclear if such a difference could explain alterations in the degree or rate of absorption of the drug. In addition, in a study in patients receiving 1500 ,ug FP for 1 year [14] , 25 of 110 patients (23%) showed a fall in 24 h urinary free cortisol from within to below normal limits, indicating that systemic activity of FP can be observed even in asthmatic patients.
The current study is a human pharmacological study performed under very stringent conditions. During blood and urine sampling periods, the subjects were under observation at the clinical research unit. The time point for study drug administration was pre-set to 22.00 h and all blood sampling times and the urine collection period were closely monitored. Thus, inter-subject variations, with respect to sampling periods, were minimized. These stringent conditions are not usually met in a clinical study, and thus variations in study drug administration time, blood sampling times and urine collection periods may mask effects of the drug on, for example, cortisol suppression and may explain the apparent absence of systemic effects in some clinical studies [1, 2] . This study was sponsored by Astra Draco AB, Lund, Sweden.
